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(57)Abstract: 

PURPOSE: To obtain a thin film magnet having high 
maximum energy product for accomplishment of 
microminaturization and high efficiency of the device, 
and to obtain a cylindrical ferromagnetic thin film having 
radial anisotropic property. 

CONSTITUTION: This thin film magnet is manufactured 
by a physical vapor deposition method, it has an 
Nd2Fe14B ferromagnetic compound as the main phase, 
and it has the composition of (Ndt-xRx)yMI-y-zBz alloy 
(R indicates at least one or more kinds selected from Tb, 
Ho and Dy, M indicates Fe metal or an Fe radical alloy 
containing at least one or more kinds of Co and Ni) in 
the range of 0.04<x<0.10, 0.1 1<y<0.15, 0.08<z<0.15. Also, 
a vertically magnetized film 23 of the above-mentioned 
composition is formed on the side face of a columnar (or 
cylindrical) substrate 22. As a result, maximum energy 
product of 120kJ/m3 or higher can be obtained by the 
thin film magnet, and a cylindrical ferromagnetic thin film 
has radial anisotropy. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] the yM1-y-zBz alloy (R — Tb — ) which is produced by physical vapor deposition and 
makes the main phase the ferromagnetic compound of a Nd2Fe14B mold (Nd1-xRx) At least one 
or more sorts and M which are chosen from Ho and Dy Fe metal, Or it is the thin film magnet 
which is a thin film magnet which consists of a Fe radical alloy containing at least one or more 
sorts chosen from Co and nickel, and is characterized by the presentation being 0.04<=x<=0.10, 
0.11<=y<=0.15, and 0.08<=z<=0.15. 

[Claim 2] the yM1-y~zBz alloy (R — Tb — ) which makes the main phase the ferromagnetic 
compound of a Nd2Fe14B mold by forming membranes to the substrate arranged in a vacuum 
tub (Nd1-xRx) At least one or more sorts and M which are chosen from Ho and Dy Fe metal, Or 
it consists of a Fe radical alloy containing at least one or more sorts chosen from Co and nickel. 
The presentation is the manufacture approach of the thin film magnet characterized by being the 
approach of manufacturing the thin film magnet which are 0.04<=x<=0.10, 0.1 K^y^O.15, and 
0.08<=z<=0.15, heating the above-mentioned substrate to predetermined temperature, and 
forming membranes to the above-mentioned substrate at predetermined gas pressure and a 
predetermined membrane formation rate. 

[Claim 3] The manufacture approach of the thin film magnet given in the 2nd term of a claim 

characterized by making temperature of a substrate into 530-570 degrees C. 

[Claim 4] The manufacture approach of the thin film magnet given in the 2nd term of a claim 

characterized by carrying out a membrane formation rate in 0.1-4micrometers/hour. 

[Claim 5] The manufacture approach of the thin film magnet given in the 2nd term of a claim 

characterized by setting gas pressure to 0.05~4Pa. 

[Claim 6] The manufacture approach of the thin film magnet given in the 2nd term of a claim 
characterized by forming membranes with the substrate temperature of 530-570 degrees C, the 
membrane formation rate of 0.1-4micrometers/hour, and the gas pressure of 0.05-4Pa. 
[Claim 7] The cylindrical shape ferromagnetic thin film characterized by having the substrate of 
the shape of a cylinder or a cylindrical shape, and the perpendicular magnetic anisotropy films 
formed by the side face of this substrate, and having a radial anisotropy. 

[Claim 8] the yM1-y-zBz alloy (R — Tb — ) with which perpendicular magnetic anisotropy films 
make the main phase the ferromagnetic compound of a Nd2Fe14B mold (Nd1~xRx) At least one 
or more sorts and M which are chosen from Ho and Dy Fe metal, Or it is a cylindrical shape 
ferromagnetic thin film given [ unstated / from Fe radical alloy containing at least one or more 
sorts chosen from Co and nickel / and characterized by the presentation being 0.04<=x<=0.10, 
0.1 l<=y<=0.15, and 0.08<=z<=0.1 5 ] in the 7th term of a claim. 

[Claim 9] The 7th term of a claim characterized by preparing the buffer layer between a 
substrate and perpendicular magnetic anisotropy films, or a cylindrical shape ferromagnetic thin 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a thin film magnet, its manufacture approach and 
a cylindrical shape ferromagnetic thin film, the thin film magnet especially used for a small device 
or magnetic recording devices, such as a small motor, a microwave oscillator, and a micro 
machine, its manufacture approach, and a cylindrical shape ferromagnetic thin film. 
[0002] 

[Description of the Prior Art] In recent years, small, the light weight, and high performance- 
ization of a video movie, a cassette tape recorder, a transmitter, etc. are progressing. The 
magnet used for the small device which constitutes these devices has been obtained by 
machining the block of a current bond magnet or a sintered magnet. 

[0003] The high thing of a magnetic maximum energy product is desirable because of high- 
performance-izing of a device. However, since a moldability is thought as important with a small 
magnet, excelling in machinability is important. Although the maximum energy product of a 
sintered magnet is very as high as about three a maximum of 370 kJ/m, since it is a weak 
ingredient, difficulty is in minute configuration processing by the machine, and it is unsuitable for 
a small magnet. On the other hand, since the bond magnet is excellent in machinability, with the 
magnet of current millimeter size, the bond magnet is in use. However, a maximum energy 
product is about three 40 - 120 kJ/m on mass-production level, and only about three 170 kJ/m 
is obtained also on researches-and-developments level. 

[0004] Moreover, the cylindrical shape magnet which has the radial anisotropy used for a small 
motor and small rotation sensor etc. is produced by current, the fabricating-in magnetic field 
method, the extrusion method, etc. The magnet outer diameter by which current manufacture is 
carried out from needing a certain amount of size for the bore of a cylindrical shape magnet by 
the fabricating-in magnetic field method for magnetic field formation of a radial direction is about 
1cm in min. Moreover, the magnet outer diameter by which current manufacture is carried out 
from needing a certain amount of magnitude for metal mold in order to secure the reinforcement 
which can bear a press pressure in an extrusion method is about 1cm in min too. These magnets 
are machined further and required roundness and dimensional accuracy are secured. In the case 
of the cylindrical shape magnet which has the radial anisotropy of milli size or the size not more 
than it, in such a manufacture process, the production is difficult. 

[0005] Moreover, when the physique applied to inspection / restoration robot of industry and 
medical application is three or less 1cm magnet for micro machines, the size becomes several 
very minute mm three or less thing, and magnetic production is almost impossible for it in 
machining. 

[0006] On the other hand, if physical vapor deposition, such as a spatter, is applied to production 
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of a small magnet, a magnetic dimension is controllable by submicron order. Moreover, it is also 
possible to control many properties, such as magnetic internal stress, crystallinity, and a crystal 
stacking tendency, by membrane formation conditions. Taking advantage of these advantages, 
the thin film magnet of a rare earth alloy system is developed recently. For example, by JP,4- 
9901 0,A, by selecting substrate temperature and a membrane formation rate shows that the thin 
film magnet of a maximum energy product 80 - 1 1 1 kJ/m3 is obtained in the presentation range 
with Nd-(Fe, Co, aluminum)-B. Moreover, in J.Appl.Phys. f vol.70, No.10, and p6345-6347 (1991), 
the maximum energy product of about 165 kJ/m3 has been obtained in 
Sm8.04Fe79.1 6Ti9.1 1 V3.69 thin film. These serve as a maximum energy product almost 
equivalent to an above-mentioned bond magnet. 
[0007] 

[Problem(s) to be Solved by the Invention] In order to attain the miniaturization of a device, with 
the engine performance maintained, the magnet which has a maximum energy product more than 
the bond magnet mainly used for the current small device is needed. However, the conventional 
thin film magnet had the trouble exceeding the maximum energy product of a bond magnet that it 
was not a thing. 

[0008] Moreover, the roundness of 10-micron order and the dimensional accuracy of a radial 
direction are required especially of the cylindrical shape magnet which has the radial anisotropy 
used for a small motor and small rotation sensor etc. As mentioned above, in the conventional 
method, dimensional accuracy was secured by machining, and the process of machining was 
indispensable. Moreover, the cylindrical shape magnet which has milli size or a radial anisotropy 
not more than it had the trouble that production was difficult. 

[0009] This invention was made in order to solve such a problem, and it aims at acquiring the 
thin film magnet which has the three or more 120 kJ/m and about three a maximum of 220 kJ/m 
maximum energy product exceeding the mass-production level of a bond magnet, and its 
manufacture approach. Moreover, while it is non-processed and offering the cylindrical shape 
ferromagnetic which has the radial anisotropy from which the roundness and dimensional 
accuracy of micron order were secured, it aims at obtaining the cylindrical shape ferromagnetic 
thin film which has milli size or a radial anisotropy not more than it. 
[0010] 

[Means for Solving the Problem] Invention concerning the 1 st term of a claim of this invention is 
produced by physical vapor deposition, the yM1-y-zBz alloy (at least one or more sorts and M 
as which R is chosen from Tb, Ho, and Dy — Fe metal — ) which makes the main phase the 
ferromagnetic compound of a Nd2Fe14B mold (Nd1~xRx) Or it is the thin film magnet which 
consists of a Fe radical alloy containing at least one or more sorts chosen from Co and nickel, 
and the presentation is 0.04<=x<=0.10, 0.1 1<=y<=0.15, and 0.08<=z<=0.15. 
[001 1] the yM1-y~zBz alloy (R — Tb — ) which makes the main phase the ferromagnetic 
compound of a Nd2Fe14B mold when invention concerning the 2nd term of a claim of this 
invention forms membranes to the substrate arranged in a vacuum tub (Nd1~xRx) At least one or 
more sorts and M which are chosen from Ho and Dy Fe metal, Or it consists of a Fe radical alloy 
containing at least one or more sorts chosen from Co and nickel. The presentation is the 
approach of manufacturing the thin film magnet which are 0.04<=x<=0.10 f 0.1 1<=y<=0.15, and 
0.08<=z<=0.15, heats the above-mentioned substrate to predetermined temperature, and forms 
membranes to the above-mentioned substrate at predetermined gas pressure and a 
predetermined membrane formation rate. 

[0012] Invention concerning the 3rd term of a claim of this invention makes temperature of a 
substrate 530-570 degrees C. 

[0013] Invention concerning the 4th term of a claim of this invention carries out a membrane 
formation rate in 0.1-4micrometers/hour. 

[0014] Invention concerning the 5th term of a claim of this invention sets gas pressure to 0.05- 
4Pa. 

[0015] Invention concerning the 6th term of a claim of this invention forms membranes with the 
substrate temperature of 530-570 degrees C, the membrane formation rate of 0.1- 
4micrometers/hour, and the gas pressure of 0.05-4Pa. 



file://C:\Documents and Settings\austinm\My Documents\JPOEn\JP-A-H08-83713.html 1 1/15/2006 



JP-A-H08-83713 



Page 5 of 26 



[0016] Invention concerning the 7th term of a claim of this invention is equipped with the 
substrate of the shape of a cylinder or a cylindrical shape, and the perpendicular magnetic 
anisotropy films formed by the side face of this substrate, and has a radial anisotropy. 
[0017] the yM1-y-zBz alloy (R — Tb — ) with which invention concerning the 8th term of a 
claim of this invention makes the main phase the ferromagnetic compound of a Nd2Fe14B mold 
for perpendicular magnetic anisotropy films (Nd1-xRx) At least one or more sorts chosen from 
Ho and Dy and M are constituted from a Fe metal or a Fe radical alloy containing at least one or 
more sorts chosen from Co and nickel, and set the presentation to 0.04<=x<=0.10, 
0.11<=y<=0.15, and 0.08<=z<=0.15. 

[0018] Invention concerning the 9th term of a claim of this invention prepares a buffer layer 

between a substrate and perpendicular magnetic anisotropy films. 

[0019] 

[Function] In the 1st term of a claim of this invention, since high residual magnetization or 
coercive force is acquired compared with a bond magnet and the conventional thin film magnet, a 
three or more 1 20 k J/m maximum energy product is obtained. 

[0020] In the 2nd term of a claim of this invention, since high residual magnetization or coercive 
force is acquired compared with a bond magnet and the conventional thin film magnet, the thin 
film magnet with which a three or more 120 kJ/m maximum energy product is obtained can be 
manufactured. 

[0021] In the 3rd term of a claim of this invention, since still higher coercive force is realizable 
by producing a thin film magnet at the substrate temperature of 530-570 degrees C, a three or 
more 140 kJ/m maximum energy product is obtained. 

[0022] In the 4th term of a claim of this invention, since still higher residual magnetization is 
realizable by producing by 0.1-4micrometers/hour in membrane formation rate, a three or more 
140 kJ/m maximum energy product is obtained. 

[0023] In the 5th term of a claim of this invention, since still higher residual magnetization is 
realizable by making gas pressure into the range of 0.05-4Pa, a three or more 140 kJ/m 
maximum energy product is obtained. 

[0024] In the 6th term of a claim of this invention, if it produces by 0.1-4micrometers/hour in 
the substrate temperature of 530-570 degrees C, and membrane formation rate, and 0.05-4Pa of 
gas pressure, since high residual magnetization and coercive force are realizable, a three or more 
160 kJ/m maximum energy product is obtained. 

[0025] In the 7th term of a claim of this invention, since perpendicular magnetic anisotropy films 
are formed by the side face of a cylinder or a cylinder substrate, it is non-processed and the 
cylindrical shape ferromagnetic which has the radial anisotropy from which the roundness of 
micron order and the dimensional accuracy of a radial direction were secured can be obtained. 
Moreover, the cylindrical shape ferromagnetic which has a high radial anisotropy also in milli size 
or the size not more than it is producible with a sufficient precision. 

[0026] In the 8th term of a claim of this invention, while realizing a thin film magnet, then a high 
radial anisotropy given in the 1st term of a claim for perpendicular magnetic anisotropy films, a 
high maximum energy product can be attained. 

[0027] In the 9th term of a claim of this invention, the degree of adhesion of a substrate and a 
ferromagnetic thin film can be raised by preparing a buffer layer between a substrate and 
perpendicular magnetic anisotropy films. Moreover, the crystal stacking tendency of 
perpendicular magnetic anisotropy films can be raised by the buffer layer, and a high radial 
anisotropy can also be realized. 
[0028] 

[Example] Next, the thin film magnet by this invention, its manufacture approach, and a 
cylindrical shape ferromagnetic thin film are explained concretely, referring to a drawing. D rawin g 
1 is the outline sectional view showing the membrane formation equipment for forming the thin 
film magnet by one example of this invention. In addition, the same sign shows the same or a 
considerable part among each drawing. In drawing 1 , the port 2 in which a membrane formation 
device can be installed is established in the vacuum tub 1, and the cathode electrode 3, the phi3 
inch target 4, and the closing motion-type shutter plate 5 are installed as a device of a spatter 
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here. A target 4 is countered, the substrate holder 6 is installed, and it can equip with the 
substrate 7 and mask 8 which are phi2 inch. Moreover, 9 is a heater and can heat a substrate 7 
to about 800 degrees C. 

[0029] With this membrane formation equipment, the thin film magnet by this invention is formed 
in a substrate 7 by introducing membrane formation gas into the vacuum tub 1 for a target 4 
through a bulb 11, after considering as -(Nd, R) M~B alloy and fully exhausting the inside of the 
vacuum tub 1 by the exhaust air system 10, making a target 4 discharge, and performing 
sputtering. Moreover, a thin film magnet can be formed only in the part of a request of a 
substrate 7 with a mask 8. In addition, if the shutter plate 5 is closed, the membrane formation 
matter adheres to a substrate 7, and the temperature of the injection power to a target 4, Ar gas 
pressure, and a substrate 7 can be controlled by the power controller 12, the massflow controller 
13, and the temperature controller 14 to a precision, respectively. 

[0030] Although the spatter is used as a forming-membranes method in this example, when 
based on a vacuum deposition method, as shown in drawing 2 , an evaporation source 1 5 is 
installed in a port 2, for example, (Nd, R) same membrane formation can be performed heating 
and by making it evaporate by using -M-B alloy as a raw material. Moreover, when based on the 
laser ablation method, as shown in drawing 3 , the laser beam from a laser light source 16 is 
condensed with a lens 18 through a slit 17, and the same membrane formation as the case of a 
spatter can be too performed by performing ablation, rotating the target 4 made from a (Nd, R)~ 
M-B alloy by the target rolling mechanism 19. That is, the thin film magnet by this invention can 
be produced with physical vapor deposition, such as a spatter, vacuum evaporation technique, 
and the laser ablation method. 

[0031] Moreover, in ****, although the case of a unit was shown, as for each membrane 
formation device, in pluralism, a thin film magnet can be formed similarly. The horizontal sectional 
view of the membrane formation equipment in the case of being based on a plural coincidence 
spatter is shown in draw ing 4 as the example of representation. Moreover, drawing 5 is the 
sectional view which met the A-A' line of drawing 4 . In these drawings, into the vacuum tub 1, 
three sets of the cathode electrodes 3a, 3b, and 3c are installed, and the phi2 inch substrate 7 is 
formed in the rotating type substrate holder 20 in which six-sheet wearing to coincidence is 
possible in the center section. The thin film of a mixed presentation of each target presentation 
can be formed by making coincidence discharge and carrying out sputtering of three sets of the 
targets 4a, 4b, and 4c, the phi3 inch targets 4a, 4b, and 4c being installed, respectively in three 
sets of the cathode electrodes 3a, 3b, and 3c, and making them rotate the rotating type 
substrate holder 20 with a rotating machine 21. 

[0032] Furthermore, the power controllers 12a F 12b, and 12c are connected to three sets of the 
cathode electrodes 3a, 3b, and 3c according to the individual, respectively, and the thin film of 
various presentations can be formed by controlling independently the injection power to each 
targets 4a, 4b, and 4c by these power controllers 12a, 12b, and 12c. The membrane formation 
gas at the time of membrane formation is introduced into the vacuum tub 1 through a bulb 1 1, 
and the flow rate is controlled by the massflow controller 13. Moreover, a substrate 7 can be 
heated at the heater 9 installed inside the rotating type substrate holder 20, and the 
temperature of a substrate 7 is controlled by the temperature controller 14. Furthermore, 
between the rotating type substrate holder 20 and each targets 4a, 4b, and 4c, the closing 
motion-type shutter plates 5a, 5b r and 5c are attached, and if the shutter is closed even if it is 
during sputtering, the membrane formation matter will adhere to a substrate 7. According to this 
membrane formation equipment, since a 3 yuan presentation is independently controllable, the 
presentation of the thin film of plural systems, such as a yM1-y~zBz thin film magnet by this 
invention (Nd1-xRx), is easily controllable. 

[0033] In order that the ferromagnetic phase of a Nd2Fe14B mold may turn into the main phase 
in a certain presentation range including the presentation range given in the 1st term of a claim 
and C shaft of the crystal may carry out orientation of the thin film obtained by above- 
mentioned physical vapor deposition in the direction of thickness, the magnetic anisotropy of the 
direction of thickness serves as strong perpendicular magnetic anisotropy films. And if especially 
the presentation of a thin film is the presentation range given in the 1st term of a claim, since 
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L 

high residual magnetization or coercive force is acquired as compared with a bond magnet or the 
conventional thin film magnet, a three or more 120 kJ/m maximum energy product can be 
obtained. 

[0034] In addition, although it will not be limited especially if substrate temperature is beyond the 
crystallization temperature of a thin film, the temperature requirement the ferromagnetic phase 
of a Nd2Fe14B mold is obtained by stability, and C shaft of the crystal carries out [ a 
temperature requirement ] orientation in the direction of thickness is desirable. For example, 
although the material property of 0.76B0.1 3(Nd0.93Tb0.07) Fe0.1 1 thin film (crystallization 
temperature: 480 degrees C) produced at various substrate temperature is shown in Table 1 , it 
turns out that the thin film made the main phase the ferromagnetic phase of a Nd2Fe14B mold 
when substrate temperature was about 500-630 degrees C beyond crystallization temperature, 
and C shaft of the crystal carried out [ the thin film ] orientation in the direction of thickness is 
obtained, and a high maximum energy product can be realized. 
[0035] 
[Table 1] 
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[0036] Moreover, as shown by the sample 4 in Table 1, it is possible to obtain said perpendicular 
magnetic anisotropy films by forming near crystallization temperature, performing crystallization 
processing heated with an electric furnace etc. above crystallization temperature, and depositing 
the ferromagnetic phase of a Nd2Fe14B mold, even when the amorphous phase is the main 
phase, without fully crystallizing. Moreover, if a difference with crystallization temperature is less 
than 60 degrees C even if it is the case where substrate temperature is below crystallization 
temperature, as shown by the sample 3, said perpendicular magnetic anisotropy films are too 
obtained by crystallization processing, and a maximum energy product almost equivalent to the 
thin film produced at the substrate temperature of 500 degrees C - 630 degrees C can be 
realized. On the other hand, when substrate temperature is lower than crystallization 
temperature 80 degrees C or more, even if it performs crystallization processing, only the 
isotropic thin film is obtained, without carrying out orientation of the C shaft of a crystal in the 
direction of thickness. Moreover, since C shaft stacking tendency of a crystal collapses at 
substrate temperature, such as 700 etc. degrees C, extremely high substrate temperature is not 
desirable. 
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[0037] As mentioned above, it turns out that the thin film magnet by this invention can be 
produced also at the substrate temperature below crystallization temperature if crystallization 
processing is performed, and it can produce in a very large temperature requirement. In addition, 
C shaft stacking tendency in Table 1 is set to the X-ray diffraction pattern of the thin film 
magnet shown in drawing 6 . the sum of the peak I of C side over all peak intensity sigmal of a 
Nd2Fe14B mold compound (00m) (m is the integer of 1-10), and the peak I (105) of the field near 
C side (105) — if /sigmal is 0.9 or more comparatively (I(OOm) +1 (105)) — fitness (O) — The 
case of less than 0.9 was made into the defect (x). This is the same also about Table 2, 3, and 4 
mentioned later. 

[0038] Moreover, it will not be limited especially if it is below several micrometer/hour in 
magnetic-thin-film formation general about a membrane formation rate (time amount). However, 
since C shaft stacking tendency of a crystal collapses at membrane formation rates, such as 40 
micrometer/hour, as shown in the material property of 0.76B0.13Fe0.1 1 thin film in the next table 
2 (Nd0.93Tb0.07), an extremely high membrane formation rate is not desirable. 
[0039] 

[Table 2] 
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[0040] Moreover, especially a substrate ingredient is not limited, but as shown in the material 
property of 0.76B0.1 3Fe0.1 1 thin film in the next table 3 (Nd0.93Tb0.07), it can use broad 
ingredients, such as glass, Si, a metal, an alloy, an oxide, and a nitride. In addition, that it is with 
the spatter film by the type of Fe in Table 3, Fe-Si, Fe~Co, and a Fe-nickel substrate has a form 
which is what formed membranes by the spatter and obtained each ingredient on the quartz- 
glass plate, namely, covered the front face of a quartz-glass plate with the spatter film of each 
ingredient. 
[0041] 

[Table 3] 
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[0042] Furthermore, when membrane formation is based on a spatter, it will not be limited 
especially if it is number-of-cases mmPa of magnetic-thin-film formation general about 
membrane formation gas pressure - a number Pa grade. However, since C shaft stacking 
tendency of a crystal collapses in gas pressure, such as 40 etc. Pa, as shown in the material 
property of 0.76B0.1 3Fe0.1 1 thin film in the next table 4 (Nd0.93Tb0.07), extremely high gas 
pressure is not desirable. 
[0043] 
[Table 4] 





Ar#x£E (Pa) 


CttffilSjte 






0.05 


O 


170 




0.50 


O 


168 




2.00 


O 


169 


Witt 4 


5.00 


O 


166 


85*45 


8.00 


O 


165 




20.0 


o 


161 


£t*47 


40.0 


X 


92 



[0044] Next, based on an example, this invention is further explained to a detail, 
the membrane formation equipment shown in example 1. drawing 4 — target 4a to kick was 
attached in each cathode electrodes 3a, 3b, and 3c, having used Fe metal and target 4c as the 
FeB alloy for Nd-R (R is Tb, or Ho or Dy) and target 4b. In addition, target 4a arranges and 
produced R metal chip of 5mmx5 mmxtlmm on phi3 inch Nd metal target. Next, after equipping 
the rotating type substrate holder 20 with the quartz-glass substrate of 12mmx12 mmxtO.Smm 
and exhausting the inside of the vacuum tub 1 to 1x10 - 4 or less Pa by the exhaust air system 
10, the substrate 7 was heated to 590 degrees C at the heater 9. 

[0045] After the temperature of a substrate 7 is stabilized, while introducing Ar gas in the 
vacuum tub 1 and seting a pressure constant by 8Pa, the rotating type substrate holder 20 was 
rotated with the rotating machine 21. And after having impressed the electrical potential 
difference to each targets 4a, 4b, and 4c where the shutter plates 5a, 5b, and 5c are closed, 
having made coincidence discharge, performing sputtering for 5-15 minutes and removing the 
oxide on the front face of a target, the shutter plates 5a, 5b, and 5c were opened, and membrane 
formation of a up to [ a substrate 7 ] was started. After performing time amount membrane 
formation predetermined by membrane formation rate 8 micrometer/hour, exhausting by 
suspending discharge of each target, supply of Ar gas, and substrate heating at a heater to 
coincidence, it cooled slowly within the vacuum tub 1, and the yM(Nd1-xRx)1 -y-zBz thin film of 
about 2-micrometer thickness was obtained. In addition, the presentation of a thin film magnet 
was controlled by changing y in an empirical formula, and z with the injection power to each 
target, and changing x independently by the chip number of sheets of R, respectively. 
[0046] In the thin film magnet by this invention, the yFe(Nd1~xTbx)1-y-zBz thin film in case R is 
Tb was taken up to representation, and the magnetic properties of that direction of thickness 
were shown in Table 5. 
[0047] 
[Table 5] 
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^5 





w fix 


r« rrn lQMt 7L 

(T) 


(kA/m) 


m (kj/B 3 ) 




(Nd Q 96 Tb 0 04 ) 0 n Fe 0 81 B Q og 


1. 09 


528 


156 


55*42 


(Nd Q 96 Tb Q 04 )„ n Fe 0 74 B fl 15 


1.00 


712 


143 




(Nd 0 96 Tb 0 04 ) Q 13 Fe Q 76 B Q n 


1.03 


672 


161 




(Nd Q g6 Tb 0 04 ) 0 J5 Fe 0 77 B Q og 


1.02 


600 


145 




(Hd 0 g6 Tb 0 „ 4 ) 0 I5 Pe 0 7fl B 0 lg 


0.92 


768 


128 


iS*46 


(Nd 0. 93 Tb 0. 0l\ ll Fe 0. 81 B 0. 08 


1.06 


624 


194 


um 


<Nd 0. 93 Tb 0. 07^0. ll Fe 0. 78 B 0. 11 


1.02 


696 


170 




(Nd 0 93 Tb 0 07 ) 0 n Fe 0 ?4 B 0 15 


0.97 


800 


157 


i**4 9 


CKd 0. 93 Tb 0. t)l\ 13 Fe 0. 79 B 0. 08 


1.02 


656 


184 


f**4io 


(Nd 0. 93 Tb 0. 07 ) 0. 13 Fe 0. 76 B 0. 11 


1.00 


736 


165 


mm 


CNd 0. 93 Tb 0. 07 ) 0. 13 Fe 0. 72 B 0. 15 


0.93 


832 


149 




(Nd 0. 92^0. Ql\ 15 Fe 0. 77 B 0.08 


1.00 


688 


172 


urns 


CNd Q 93 Tb 0 07 )„ 15 Fe 0 74 B Q n 


0. 97 


768 


157 




m Q. 93 Tb 0. Ql\ 15 Fe 0. 70 B 0. IS 


0.88 


840 


141 


1**415 


CNd 0. 90 Tb O. lO^O. ll Fe 0. 81 B 0. 08 


1. 01 


656 


153 


KS16 


CNd Q go Tb 0 1Q ) 0 u Fe 0 ?4 B 0 lg 


0.91 


840 


132 




(Nd 0. 90 Tb 0. lO^. 13 Fe 0. 76% 11 


0. 95 


760 


144 

4 


urns 


(Kd 0 9(J 7b 0 10 ) fl 15 Fe Q 77 B Q og 


0. 94 


704 


135 




(Nd Q 90 Tb Q 10 ) 0 15 Fe Q ?0 B 0 15 


0. 86 


880 


133 



[0048] 
[Table 6] 
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<T) 


(kA/«0 


* (kJ/n 8 ) 


tf, jfc^c tcfi 1 


Nd— Pe— BjfcTfcV httfcE 1 


0. 70 


400 


90 




Nd-Fe-B%#> Kfi8E2 


0 71 


/Mil 






Nd-Pe-B&#> K&£3 


0. 69 


740 


85 


\tnw4 


Md 0. ll Fe 0.81 B 0.08 


1.12 


248 


71 


fcfctt«5 


Nd 0.11 Fe 0.74 B 0. 15 


1.04 


544 


132 




Nd 0. 13 Fe 0. 76 B 0.11 


1.03 


336 


116 


tfc^J7 


Nd 0. 15 Fe 0. 77 B 0. 08 


1.05 


280 


85 


fcbiKWI 8 


Nd 0. 15 Fe 0. 70 B 0. 15 


0.94 


600 


119 




Nd 0. 19 Fe 0. 63 B 0. 18 


0.68 


902 


62 




(Nd 0. iS n 0. 02 ) 0. U Fe 0. 81 B 0. 08 


1.10 


336 


106 


immn 


CHd 0 98 Tb 0 02 ) Q n ?e Q 74 Bq 15 


1.02 


608 


143 




<»d Q 9 gTb 0 02 ) Q n ?e Q 76 B Q n 


1.04 


424 


131 


fc&0«13 


CNd 0. 98 Tb 0. 02 ) 0. 15 Fe 0. 77 B 0. 08 


1. 04 


312 


95 




(Md 0. 98 Tb 0. 02 ) 0. 15 Fe 0. 70 B 0. 15 


0.93 


648 


127 




CNd 0.85 Tb 0.15 ) 0.11 Fe 0.81 B 0.08 


0.98 


696 


144. 




CNd 0. SS^O. 15 J 0. ll Fe 0. 74 B 0. 15 


0.87 


872 


113 


\mmn 


CNd 0. 85 Tb 0. 15*0. 13 Fe 0. 76 B 0. 11 


0.89 


800 


123 




rKd C. 85^. 15?0. 15 Fe 0. 77 B 0. 08 


0. 88 


736 


108 • 




:Nd 0. 85% 15\ 15 Fe 0. 70 B 0. 15 


0.77 


920 


91 


bM£PI20 


:PW 0. 92^0. <n\ 90 Fe 0. 85 B 0. 06 


1.02 


72 


23 



[0049] 
[Table 7] 
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(T) 


(kA/m) 






(Nd 0. 93 Tb 0. 07*0. 90 Fe 0. 83 B 0. 08 


0.96 


72 


22 




^ Nd 0. 93 Tb 0. 07^0. 90 Fe O. 80 B 0 11 


0.89 


80 


25 




(Nd 0. 93 Tb 0. 0?^. 90 Fe 0. 76 B 0. 15 


0.86 


240 


43 




(Nd 0. 93 Tb 0. O?^. 90 Fe 0. 74 B 0 17 


0.85 


200 


32 




(Nd Q g3 Tb 0 07 ) Q n F Gfi g 3 B 0 (jg 


1.07 


208 


52 


ifcl|£flJ26 


^ Wd 0. 93 Tb 0. 0?^. Il Fe 0. 72 B 0 17 


0.84 


680 


95 




<Nd 0 g3 Tb 0 0? ) 0 13 Pe 0 jjBq 06 


1.04 


232 


61 




(Nd 0 93 Tb 0 q 7 )q 13 Fe fl ?0 ^j n 


0.80 


696 


96 


£8*0129 


CNd 0 93 Tb 0 07 ) 0 15 Fe 0 79 B Q og 


1.00 


256 


71 


fct«M30 


tNd a 93 Tb 0 07 ) Q 15 Fe Q 68 B Q J? 


0. 73 


704 


77 




(Nd Q g 3 Tb 0 0? ) 0 17 Fe 0 7? B 0 og 


0.88 


360 


85 


tfc«:e>j32 


CNdft qoTbri i\ 7 ) n i7Fe fl 7I -B ft n « 


0.86 


600 


108 




(Nd 0. 93 Tb 0. 0?^. 17 Fe 0. 72 B 0. 11 


0.79 


704 


96 


&8*0»134 


CNd C. 93 Tb 0. 07 } 0. 17 Fe 0. 68 B 0. 15 


0.72 


760 


84 


H*4H35 


CNd 0. 93 7b 0. OT^. 17 Fe 0. 66 B 0. 17 


0.67 


840 


73 



[0050] Since high coercive force or residual magnetization is obtained compared with the bond 
magnet shown in the examples 1-3 of a comparison of this table, and the conventional Nd-Fe-B 
thin film magnet shown in the examples 4-9 of a comparison in the presentation range of 
0.04<=x<=0.10, 0.11<=y<=0.15, and 0.08<=z<=0.1 5 so that clearly from Table 5, the high maximum 
energy product of 128 - 194 kJ/m3 has been realized. On the other hand, when the presentation 
of x shifts from the range 0.04<=x<=0.10 of this invention, for example, as shown in the examples 
10-19 of a comparison, a maximum energy product is less than 120 kJ/m3 in y of a certain 
value, and z at x= 0.02 or x= 0.15. In the case of x= 0.02, although coercive force is improved a 
little as compared with the conventional thin film magnet, since sufficient value does not 
become, in all the range of the aforementioned y and z, it does not come to obtain a three or 
more 120 kJ/m maximum energy product. 

[0051] Moreover, in x= 0.15, although coercive force is fully high, since the fall of residual 
magnetization is large, it becomes difficult to obtain a three or more 120 kJ/m maximum energy 
product over all the range of the aforementioned y and z too. Moreover, if the presentation range 
of y and z separates from the presentation range of 0.1 1<=y<=0.15 of this invention, and 
O.OS^z^O.15 even if it is 0.04<=x<=0.1 0, as shown in the examples 20-35 of a comparison, a 
three or more 120 kJ/m maximum energy product will no longer be obtained. For example, when 
a presentation shifts to a low Nd and low B presentation side, since alpha-Fe deposits in the 
film, high coercive force cannot be acquired. Moreover, since the magnetic anisotropy of the 
direction of thickness of a thin film magnet collapses when it shifts to a high Nd presentation 
side, both residual magnetization and coercive force decline. Furthermore, in the case where it 
shifts to a high B presentation side, the fall of residual magnetization becomes large. Therefore, 
it turns out that the maximum energy product exceeding 120 kJ/m3 is obtained in the 
presentation field of 0.04<=x<=0.10, 0.1 1<=y<=0.15, and 0.08<=z<=0.15. In addition, same result is 
brought also when R is Ho or Dy. 

[0052] The yM(Nd0.93Tb0.07)1-y-zBz thin film magnet of about 2-micrometer thickness was 
formed on the quartz-glass substrate with the same procedure as an example 1, having used 
[ example 2., next target 4a in the membrane formation equipment shown in drawing 4 ] M (M 
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being a Fe-Co alloy, a Fe-nickel alloy, or a Fe-Co-nickel alloy) and target 4c as the FeB alloy for 

Nd-Tb and target 4b. In substrate temperature, 590 degrees C and Ar gas pressure made 8Pa 

and a membrane formation rate 8 micrometer/hour. The magnetic properties of the direction of 

thickness of the thin film magnet by this invention are shown in Table 6. Although magnetic 

properties change with change of a presentation of Co and nickel a little, they are magnetic 

properties almost equivalent to the MAG almost equivalent to an above-mentioned yFe 

(Nd0.93Tb0.07)1-y-zBz thin film magnet fundamentally. Therefore, even if M is Fe-Co, Fe-nickel, 

or Fe-Co-nickel, it turns out that a three or more 120 kJ/m maximum energy product can be 

realized almost like Fe. 

[0053] 

[Table 8] 
m6 





ffl m 


(T) 


(kA/m) 






(Nd fl. 93*% 07^0. 11^0. i5°°0. 15>0. 81 B 0. 08 


. 1. 10 


640 


203 




(Nd 0. 93 Tb 0. Olh. ll CFe 0. S^O. 15% 74 B 0. 15 


1. 01 


824 


168 




(Nd 0. 93^0. 07^ 0. 13 (Fe 0. te^O. 15 ) 0. 76% 11 


L03 


752 


. 171 




<Kd 0. 93% 07% 15 CFe 0. 85^0. 15 > 0. 77% 08 


1.02 


688 


178 




CNd 0. 93 Tb 0. 07% 15 CFe 0. if°0. 15 ) 0. 70 B 0. 15 


0.92 


856 


149 


un 6 


CNd 0 83 Tb 0 07 ) Q n (Fe 0 ?0 Co 0 81 B Q og 


1. 05 


632 


196 




(Nd 0. 83% 07% ll (Fe 0. 70 Co 0. 30% 74 B 0. 15 


0.98 


808 


160 


8S»8 


< Nd 0. 83% 07% 13 CFe 0. 70 Co 0. 30% 76% 11 


0. 98 


720 


165 




(M 0. 83*% 07% 15 CFe 0. 70 Co 0. 30% 77% 08 


1. 00 


672 


170 




<N % 83 T % 07% 15^0. 70 Co 0. 30% 70 B 0. 15 


D. 89 


832 


144 




(Nd 0. 93 T % 07% ll CFe 0. 98 Ni 0. 02% 81% 08 


1.05 


632 


189 


1*812 


(Nd 0. 93 Tb 0. 07% ll (Fe 0. 98 Ni 0. 02% 74 B 0. 15 


0. 97 


800 


154 




CNd 0. 93%. 07% 13 (Fe 0. 98*% 02% 76% 11 


0.99 


728 


162 



[0054] 
[Table 9] 
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(T) 


(kA/n) 




141414 


(Nd Q g3 Tb 0 07 ) 0 15 (Fe 0 gg Ni 0 Q2 ) 0 7? B 0 og 


1.00 


696 


168 


14*415 


(Nd 0. 93 Tb 0. 07^0. 15 (Fe 0. 98 Ni Q. 02*0 70 B 0 15 


0.87 


808 


137 


§4*416 


(Nd D. SS^O. Q7 3 0. ll (Fe 0. 96 Ni 0. 04 ) 0. 81 B 0 08 


1.03 


648 


180 


K*417 


<Nd 0, 93 Tb 0. 07^0. ll CPe a 96 Ni 0. 04^ 74 B 0 15 


0.95 


824 


153 


14*418 


(Kd 0. 93 Tb D. Ql^Q. 13®^ 96 Ni 0. 04 ) 0. 76 B 0 11 


0.97 


712 


158 


smi9 


(!fd 0 93 Tb 0 07 ) 0 15 CFe 0 ggNig 04 ) Q 77 B Q Qg 


1. 00 


672 


164 


141420 


(Nd 0. 93 n Q. 07 5 0. 15 CFe 0. 96 Ni 0. 04*0. 70 B 0. 15 


0.86 


864 


133 


14*421 


(Nd 0.93 Tb 0.07 ) 0-ll CFe 0.80 Co 0.15 ,,i 0.05 ) 0 81 B 0 08 


1. 07 


624 


191 


14*422 


^ 93 Tb 0. 07^0. ll (Fe 0. 80^0. 15 Ni 0. OS^. 74 B 0. 15 


0. 99 


792 


161 


14*423 


(Nd o. ai^o. m\ i3 (Fe o. so^o. i5 Ni o. os^. 76 B o. 11 


1. 00 


760 


169 


1431424 


W 9. 93 Tb 0. Oj\ 15 (Fe 0. SO^O. 15 Mi 0. OpO. 77 B 0. 08 


0. 98 


720 


177 


14*425 


CNd 0. 93% Vl\ 15 (Fe 0. SO^O. 15 Mi 0. 05 ) 0. Tf^O. 15 


0.91 


880 


153 



i. 



[0055] The yFe(Nd1-xTbx)1-y-zBz thin film magnet of about 2-micrometer thickness was 
formed on the quartz-glass substrate with the same procedure as an example 1, having used 
[ target 4a in the membrane formation equipment shown in example 3. drawing 4 ] Fe metal and 
target 4c as the FeB alloy for Nd-Tb and target 4b. In substrate temperature, 510-590 degrees 
C and Ar gas pressure made 8Pa and a membrane formation rate 8 micrometer/hour. The 
substrate temperature dependence of the magnetic properties of the thin film magnet obtained 
by drawing 7 is shown. Especially high coercive force is acquired in the range with a substrate 
temperature of 530-570 degrees C, and a three or more 1 40 kJ/m maximum energy product can 
be attained at least so that clearly from drawing 7 . 

[0056] The yFe1-y-zBz thin film magnet was formed like the example 3 (Nd1~xTbx) as the 
example 4. membrane formation rate 0.05 - 20 micrometer/hour, Ar gas pressure of 8Pa, and 
substrate temperature of 590 degrees C. The membrane formation rate dependency of the 
magnetic properties of the thin film magnet obtained by drawing 8 is shown. Especially high 
residual magnetization is obtained in the range of 0.1 - 4 micrometer/hour, and a three or more 
140 kJ/m maximum energy product is obtained at least so that clearly from drawin g 8 . 
[0057] The example 5.Ar gas pressure of 0.05-20Pa, the substrate temperature of 590 degrees 
C, and a membrane formation rate formed the yFe1~y-zBz thin film magnet like the example 3 
(Nd1-xTbx) as 8 micrometer/hour. Ar gas dependency of the magnetic properties of the thin film 
magnet obtained by drawin g 9 is shown. Especially high residual magnetization is obtained in 
0.05~4Pa, and a three or more 140 kJ/m maximum energy product can be realized at least. 
[0058] The yFe1-y-zBz thin film magnet was formed in the example 6. pan like the example 3 
(Nd1-xTbx) by the substrate temperature of 530-570 degrees C, the membrane formation rate 
0.1 - 4 micrometer/hour, and 0.05-4Pa of Ar gas pressure. A result is shown in Table 7. 
[0059] 
[Table 1 0] 
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^7 



• 


& 5£ 


CC) 


(Pa) 


(#m/hour) 


m (kj/n s ) 


ia*4i 


< Nd 0. 96 Tb 0. 04 ) 0. ll Fe 0. 81 B 0. 08 


530 


0.05 


4.0 


182 


urn 2 


<Nd 0. 96% 04 ) 0. 13 Fe 0. 74 B 0. 11 


530 


0.05 


4.0 


195 




(Nd 0. 96%. OpO. 15 Fe 0. 70 B 0. 15 


530 


0.05 


4.0 


166 




(Nd 0. 90%. 10 ) 0. ll Fe 0. 81% 08 


530 


4.0 


0.1 


187 


urn 5 


(!id 0. 90% 10 ) 0. 13 Fe 0. 74 B 0. 11 


530 


4.0 


0.1 


176 




(Nd 0. 90%. lO^O. 15 Fe 0. Tt^O. 15 


530 


4.0 


0.1 


165 




OWq 36 Tb 0 04 ) fl n Pe 0 gl B 0 og 


570 


0.05 


0.1 


188 


urn 8 


(M 0. 96%. 04 ) 0. 13 Fe 0. 74 B 0. 11 


570 


0.05 


0.1 


199 


$t*49 


(Nd 0. 96%. 04 ) 0. 15 Fe 0. 70 B 0. 15 


570 


0.05 


0.1 


168 




(Nd 0. 90%. A ll Fe 0. 81 B 0. 08 


570 


4.0 


4.0 


187 


semi 


(Nd 0. 90%. 10^. 13 Fe 0. 74 B 0. 11 


570 


40 


4.0 


175 


KS12 


(Nd 0. 90%. 10 ) 0. 15 Fe o: 70 B 0. 15 


570 


4.0 


4.0 


164 



[0060] 
[Table 1 1] 







smmm 


(Pa) 


(^n/hour) 


m (kj/B s ) 


i£&13 


CNd 0. 93%. 07^. ll Fe 0. 70 B 0. 08 


550 


2.0 


4.0 


204 


14*414 


(Nd 0 93 Tb 0 07 ) 0 n Fe 0 70 B 0 og 


550 


2.0 


0.1 


208 


«M5 


<Nd 0. 93%. 01^0. ll Fe 0. 70 B 0. 08 


550 


0.05 


2.0 


220 


65*416 


(Kd Q g3 Tb 0 07 ) 0 n ¥e 0 70 B Q 08 


550 


4.0 


20 


215 


«*4l7 


CKd 0. 93%. 07 5 0. ll Fe 0. 70 B 0. 08 


530 


2.0 


20 


212 


£5*418 


<Nd Q 93 Tb 0 0? ) 0 n Fe 0 7(J B 0 og 


570 


2.0 


2.0 


204 


6*2419 


(IW 0. 93%. 07>0. ll Fe 0. 70 B 0. 08 


550 


2.0 


20 


214 




(Nd 0. 96%. m\ 15 Fe 0. 70%. 15 


600 


2.0 


2.0 


150 


HMM2 


< Nd o. 96%. 04 ) 0. 15 Fe 0. 70 B 0. 15 


550 


8.0 


2.0 


156 




OM 0 96 Tb 0 04 ) 0 15 Fe a ?0 B 0 15 


550 


2.0 


8.0 


151 



[0061] By limiting membrane formation conditions to such range, especially, high coercive force 
and residual magnetization are obtained, and a three or more 160 kJ/m maximum energy product 
is obtained at least. In addition, if it separates from this condition range, as shown in the 
examples 1-3 of a comparison, a three or more 160 kJ/m maximum energy product will not be 
obtained. 

[0062] Next, the cylindrical shape ferromagnetic thin film which has the radial anisotropy of this 
invention is explained concretely, referring to a drawing. Drawing 10 is the outline sectional view 
showing the cylindrical shape ferromagnetic thin film which has a radial anisotropy by one 
example of this invention. Perpendicular magnetic anisotropy films 23 are formed by the side 
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face of the cylinder substrate 22 in drawing. In addition, as a cylinder substrate can also be used 
as a substrate and it is shown in drawing 1 1 and drawing 12 , perpendicular magnetic anisotropy 
films 23 may be cylindrical shape ferromagnetic thin films currently formed by the lateral surface 
or medial surface of the cylinder substrate 24. Moreover, you may be the cylindrical shape 
ferromagnetic thin film of the simple substance from which the substrate was removed after 
membrane formation. 

[0063] If a magnetic anisotropy strong against the direction of thickness is discovered as a thin 
film material, limitation is not carried out but can use the MnBi system alloy of the magneto- 
optic-recording field, a rare earth-transition-metals system amorphous alloy, etc. for the Co-Cr 
system alloy used in the magnetic-recording field, Ba system ferrite, and a pan not to mention a 
rare earth-transition-metals system alloy. In addition, when -M~B alloy by this invention (Nd, R) 
is used as a thin film material, the radial anisotropy cylindrical shape thin film magnet which has a 
high maximum energy product can be realized. Moreover, especially a substrate ingredient can 
use broad ingredients, such as glass, a metal, an alloy, an oxide, and a nitride, without being 
limited. 

[0064] Furthermore, as shown in d ra wing 13 , the adhesion of a substrate and a thin film or the 
radial anisotropy of a thin film can be raised by forming a buffer layer 25 between a substrate 
and a thin film. Although this drawing shows the case where a cylinder substrate is used as a 
substrate, there is effectiveness with the same said of the case of a cylinder substrate. 
Moreover, especially if formation of a thin film on a cylinder or a cylinder substrate side face is 
the membrane formation method which can form perpendicular magnetic anisotropy films, it is 
not limited, and it can be formed by the spatter, vacuum evaporation technique, the laser 
ablation method, etc. 

[0065] Furthermore, a concrete example is explained to a detail. Drawing 14 is the outline 
sectional view showing the membrane formation equipment which forms the cylindrical shape 
ferromagnetic thin film which has a radial anisotropy by this invention. Moreover, dra win g 15 is 
the sectional view which met the B~B' line of drawin g 14 . In these drawings, there is a port 2 in 
which a membrane formation device can be installed in the vacuum tub 1, and the cathode 
electrode 3, the phi3 inch target 4, and the closing motion-type shutter plate 5 are installed as a 
device of a spatter here. The holder 26 for cylinder substrates is installed in the center section 
of the vacuum tub 1, and the cylinder substrate 22 with a diameter [ of about 0.1 -20mm ] and a 
die length of about 10-1 00mm is attached. The substrate holder 26 can be rotated now with a 
rotating machine 21. 

[0066] Moreover, 27 is a heater for cylinder substrate heating, and can also perform use which 
can choose any of infrared heating and electromagnetic-induction heating, or the optimal heating 
method with a membrane formation ingredient and a substrate ingredient, and uses both 
together. In this thin film deposition system, the perpendicular magnetic anisotropy films 23 
which have uniform presentation and thickness distribution in the side face of the cylinder 
substrate 22 are formed by making a target 4 discharge and performing sputtering, introducing 
membrane formation gas into the vacuum tub 1 through a bulb 1 1, and rotating the holder 26 for 
cylinder substrates. Moreover, a thin film can be formed only in the part of a request of the 
cylinder substrate 22 with a mask 8. In addition, if the shutter plate 5 is closed, the membrane 
formation matter will adhere to the cylinder substrate 22. Moreover, the injection power to a 
target, Ar gas pressure, and substrate temperature are controllable by the power controller 12, 
the massflow controller 13, and the temperature controller 14 to a precision, respectively. 
[0067] Although the spatter is used as a forming-membranes method in when based on a 

vacuum deposition method, as shown in drawing 16 , same membrane formation can be 
performed by installing the evaporation source 15 of a raw material in a port 2. Moreover, when 
based on the laser ablation method, as shown in drawing 17 , the laser beam from a laser light 
source 16 is condensed with a lens 18 through a slit 17, and the same effectiveness as **** is 
too acquired by performing ablation, rotating a target 4 by the target rolling mechanism 19. 
Moreover, although the substrate is used as the cylinder substrate 22 in the membrane 

formation to the lateral surface is possible similarly about the cylinder substrate 24. 
[0068] Furthermore, if sputtering is performed forming the spatter room 28 and a nozzle 29 in 
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the vacuum tub 1, inserting a nozzle 29 inside the cylinder substrate 24, and rotating the cylinder 
substrate 24, as shown in drawing 18 where the shutter plate 5 is opened when forming 
membranes to the medial surface of the cylinder substrate 24, the membrane formation matter is 
injected from a nozzle 29, and can form a thin film to the medial surface of the cylinder 
substrate 24. Moreover, a thin film can be formed only in the part of a request of the medial 
surface of the cylinder substrate 24 with a mask 30. In addition, the injection speed from the 
nozzle 29 of the membrane formation matter can be adjusted by changing exhaust air 
conductance by the adjustable bulb 31 prepared in the spatter room 28. 

[0069] It was attached in the cathode electrode 3, having used as the Nd-Fb-B sintered alloy 
the target 4 in the membrane formation equipment shown in example 7. drawing 14 . Next, after 
equipping the holder 26 for cylinder substrates with the outer diameter of 3mm or 0.9mm, and 
the cylinder substrate with a die length of 30mm made from WC (tungsten carbon) and 
exhausting the inside of the vacuum tub 1 to 1x10 - 4 or less Pa by the exhaust air system 10, 
the substrate was heated to 560 degrees C at the heater 27 for cylinder substrate heating. After 
substrate temperature is stabilized, while introducing Ar gas in the vacuum tub 1 and making a 
pressure 1Pa regularity, the substrate holder 26 was rotated with the rotating machine 21. And 
after applying an electrical potential difference, having made it discharge at a target 4 where the 
shutter plate 5 is closed, performing sputtering for 5 - 15 minutes and removing the oxide of 
target 4 front face, the shutter plate 5 was opened and the membrane formation to a cylinder or 
a cylinder substrate side face was started. After performing predetermined time amount 
membrane formation, exhausting by suspending discharge of each target 4, supply of Ar gas, and 
substrate heating at a heater to coincidence, it cooled slowly within the vacuum tub 1, and the 
cylindrical shape-like Nd-Fe-B thin film was obtained. 

[0070] The clue origin to the Nd-Fe-B cylindrical shape ferromagnetic thin film obtained in Table 
8 is shown. This shows that the roundness and dimensional accuracy of micron order are 
acquired. In addition, since magnetic thickness has the dimensional accuracy of **0.05 
micrometers, it can obtain the roundness of submicron order theoretically. 
[0071] 

[Table 1 2] 
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[0072] Moreover, X-ray diffraction investigated the radial anisotropy of the above-mentioned 
Nd-Fe-B cylindrical shape ferromagnetic thin film. In the center position of the longitudinal 
direction of a cylindrical shape ferromagnetic thin film, ten-place marking of the X-ray diffraction 
measurement was carried out at equal intervals in accordance with the periphery, the X-ray with 
a beam diameter of 10 micrometers was irradiated there, and the X-ray diffraction pattern of 
each part was obtained. The example of representation of the X-ray diffraction pattern obtained 
by Rawing J_9 is shown. It turns out that C shaft of a Nd2Fe14B crystal carries out orientation in 
the direction of thickness, and it has become perpendicular magnetic anisotropy films. The same 
pattern was obtained also in other measurement parts, and it turned out that the obtained thin 
film is a radial anisotropy cylindrical shape thin film. That is, this example realized the cylindrical 
shape thin film which has a radial anisotropy in milli size or submillimeter size. 
[0073] The target 4 in the membrane formation equipment shown in example 8. drawing 14 was 
made into a Nd-Fe-B sintered alloy, a Co-Cr alloy, Ba ferrite, or (Nd, Tb) -Fe-B, and about 1- 
micrometer cylindrical shape ferromagnetic thin film was formed in the side face of a cylinder 
with an outer diameter [ of 3mm ], and a die length of 30mm, or the various ingredient substrates 
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of a cylindrical shape with the procedure same as the substrate temperature of 560 degrees C, 

and 1Pa of Ar gas pressure as an example 7. In addition, only in the case of the Co-Cr alloy, 

substrate temperature was made into 300 degrees C. The result investigated about the radial 

anisotropy of the cylindrical shape ferromagnetic thin film by this example is shown in Table 9. in 

addition, the ratio of the peak I of all peak intensity sigmal and C side of the ferromagnetic 

compound which ten-place marking of the radial anisotropy of front Naka is carried out to a 

cylindrical shape thin film by the same technique as an example 7, and X-ray diffraction 

measurement is performed about each part, and is the main phase of a thin film (00m) (m is the 

integer of 1-10) — it asks for l(00m)/sigrnal and they are averaged. 

[0074] 

[Table 1 3] 
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[0075] In a Nd-Fe-B thin film, it turns out that 0.88 or more high values are acquired also in 
which cylinder substrate, and broad ingredients, such as glass, a metal, an alloy, an oxide, and a 
nitride, can be used. Moreover, since the high radial anisotropy is realized similarly in Co-Cr and 
Ba ferrite thin film, as a thin film material, it is still clearer the vertical-magnetic-recording 
ingredient represented by not only rare earth-transition-metals system magnet alloys, such as 
Nd-Fe-B, but Co-Cr and Ba ferrite and that a magneto-optic-recording ingredient can also be 
used. And when the (Nd, R)-M~B alloy of this invention is used as an ingredient, the cylindrical 
shape thin film magnet which has a high radial anisotropy and a high maximum energy product 
can be realized so that more clearly than the result of Table 9, the above-mentioned table 5, and 
Table 6. 

[0076] The target 4 in the membrane formation equipment shown in example 9. drawing 14 was 
set to Si02, and the Si02 buffer layer of about 0.5-micrometer thickness was formed in Cu 
cylinder substrate side face by the technique same as substrate temperature [ of 100 degrees 
C 3, and Ar gas 2Pa as an example 7. Then, the target was exchanged to the Nd-Fe-B sintered 
alloy, and about 2-micrometer Nd-Fe-B cylindrical shape thin film was formed on the Si02 
buffer layer as substrate temperature [ of 560 degrees C ], and Ar gas 4Pa. The result of having 
investigated the adhesion of a substrate and a Nd-Fe-B cylindrical shape thin film is shown in 
Table 10. Moreover, the case where a direct Nd-Fe-B thin film is formed on Cu cylinder 
substrate, without forming a buffer layer as an example of a comparison is also doubled and 
shown. In addition, after tape ****** carried out adhesion and it stuck the tape on the trial, i.e., 
a Nd-Fe-B cylindrical shape thin film, whether it tears off at a fixed rate and a fixed include 
angle, and a cylindrical shape thin film exfoliates from a substrate estimated it. 
[0077] 
[Table 14] 
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[0078] Although a cylindrical shape thin film will almost separate in the example of a comparison 
since adhesion is low, in this example, exfoliation of the cylindrical shape thin film from a 
substrate is not accepted, but its adhesion of a thin film improves according to the effectiveness 
in which the buffer layer was formed. 

[0079] The target 4 in the membrane formation equipment shown in example 10. drawing 14 was 
used as Ti or Zr metal, and Ti or Zr buffer layer of about 0.5-micrometer thickness was formed 
on quartz glass or Fe cylinder substrate by the technique same as substrate temperature [ of 
200 degrees C ], and Ar gas 2Pa as an example 7. Then, the target was exchanged into the Co- 
Cr alloy and about 1 -micrometer Co-Cr cylindrical shape thin film was formed on the buffer 
layer as substrate temperature [ of 300 degrees C ], and Ar gas 5Pa. The example which formed 
the direct Co-Cr thin film on the cylinder substrate, without forming this example and buffer 
layer in Table 1 1 is shown. 
[0080] 
[Table 1 5] 
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[0081] A radial anisotropy improves according to the effectiveness in which the buffer layer was 

formed on the cylinder substrate. 

[0082] 

[Effect of the Invention] As explained above the 1st term of a claim of this invention the yM1-y- 
zBz alloy (R — Tb — ) which is produced by physical vapor deposition and makes the main phase 
the ferromagnetic compound of a Nd2Fe14B mold (Nd1-xRx) At least one or more sorts and M 
which are chosen from Ho and Dy Fe metal, Or since it is the thin film magnet which consists of 
a Fe radical alloy containing at least one or more sorts chosen from Co and nickel and the 
presentation is 0.04<=x<=0.10, 0.1 1<=y<=0.15, and 0.08<=z<=0.1 5 A high energy product is 
acquired compared with a bond magnet or the conventional thin film magnet, and the 
effectiveness that the miniaturization of a device and a high increase in power can be attained is 
done so. 

[0083] the yM1-y-zBz alloy (R — Tb — ) which makes the main phase the ferromagnetic 
compound of a Nd2Fe14B mold when the 2nd term of a claim of this invention forms membranes 
to the substrate arranged in a vacuum tub (Nd1-xRx) At least one or more sorts and M which 
are chosen from Ho and Dy Fe metal, Or it consists of a Fe radical alloy containing at least one 
or more sorts chosen from Co and nickel. The presentation is the approach of manufacturing the 
thin film magnet which are 0.04<=x<=0.1 0, 0.1 1<=y<=0.15, and 0.08<=z<=0.1 5. Since the above- 
mentioned substrate is heated to predetermined temperature and membranes are formed to the 
above-mentioned substrate at predetermined gas pressure and a predetermined membrane 
formation rate, the thin film magnet which has a high energy product compared with a bond 
magnet or the former can be manufactured, and the effectiveness that the miniaturization of a 
device and a high increase in power can be attained is done so. 

[0084] Since the 3rd term of a claim of this invention makes temperature of a substrate 530-570 
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degrees C, it can realize still higher coercive force and does so the effectiveness that a three or 
more 140 kJ/m maximum energy product is obtained. 

[0085] Since the 4th term of a claim of this invention carries out a membrane formation rate in 
0.1-4micrometers/hour, it can realize still higher residual magnetization and does so the 
effectiveness that a three or more 140 kJ/m maximum energy product is obtained. 
[0086] Since the 5th term of a claim of this invention sets gas pressure to 0.05~4Pa, it can 
realize still higher residual magnetization and does so the effectiveness that a three or more 140 
kJ/m maximum energy product is obtained. 

[0087] Since the 6th term of a claim of this invention forms membranes with the substrate 
temperature of 530-570 degrees C, the membrane formation rate of 0.1-4micrometers/hour, and 
the gas pressure of 0.05~4Pa and it can realize high residual magnetization and coercive force, it 
does so the effectiveness that a three or more 160 kJ/m maximum energy product is obtained. 
[0088] Since the 7th term of a claim of this invention is equipped with the substrate of the 
shape of a cylinder or a cylindrical shape, and the perpendicular magnetic anisotropy films 
formed by the side face of this substrate and has a radial anisotropy, it does so the 
effectiveness that it is non-processed and the cylindrical shape ferromagnetic which has the 
radial anisotropy from which the roundness of micron order and the dimensional accuracy of a 
radial direction were secured can be obtained. Moreover, since the cylindrical shape 
ferromagnetic which has a high radial anisotropy also in milli size or the size not more than it is 
producible with a sufficient precision, the effectiveness that it can contribute to a 
microminiaturization of devices, such as a motor and a rotation sensor, and high performance- 
ization also does so. 

[0089] the yM1-y-zBz alloy (R — Tb — ) with which, as for the 8th term of a claim of this 
invention, perpendicular magnetic anisotropy films make the main phase the ferromagnetic 
compound of a Nd2Fe14B mold (Nd1-xRx) At least one or more sorts and M which are chosen 
from Ho and Dy Fe metal, Or consist of a Fe radical alloy containing at least one or more sorts 
chosen from Co and nickel, and since the presentation is 0.04<=x<=0.10, 0.1 1<=y<=0.1 5, and 
0.08<=z<=0.15 While a high radial anisotropy is realizable, the effectiveness that a high maximum 
energy product can be attained is done so. 

[0090] Since the buffer layer is prepared between a substrate and perpendicular magnetic 
anisotropy films, the 9th term of a claim of this invention does so the effectiveness that the 
adhesion of a substrate and a ferromagnetic thin film can be raised. Moreover, the crystal 
stacking tendency of perpendicular magnetic anisotropy films is raised by the buffer layer, and 
the effectiveness that a high radial anisotropy is realizable also does so. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the outline sectional view showing the membrane formation equipment for 
forming the thin film magnet by one example of this invention. 
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[ Drawing 2] It is the outline sectional view showing other membrane formation equipments for 
forming the thin film magnet by this invention. 

[Drawin g 3] It is the outline sectional view showing the membrane formation equipment of further 
others for forming the thin film magnet by this invention. 

[ Drawing 4] It is the level outline sectional view showing the membrane formation equipment of 
further others for forming the thin film magnet by this invention. 
[Drawing 5] It is the sectional view which met the A-A' line of drawing 4 . 

[Drawing 6] It is the diagram showing the X-ray diffraction pattern of the thin film magnet by this 
invention. 

[Drawing 7] It is the diagram showing the substrate temperature dependence of the magnetic 
properties about the thin film magnet in the example 3 of this invention. 

[Drawing 8] It is the diagram showing the membrane formation rate dependency of the magnetic 
properties about the thin film magnet in the example 4 of this invention. 

[Drawing 9] It is the diagram showing Ar gas pressure dependency of the magnetic properties 
about the thin film magnet in the example 5 of this invention. 

[Drawing 10] It is the outline sectional view showing the cylindrical shape ferromagnetic thin film 
by one example of this invention. 

[Drawing 1 1] It is the outline sectional view showing the cylindrical shape ferromagnetic thin film 
by other examples of this invention. 

[Drawing 12] It is the outline sectional view showing the cylindrical shape ferromagnetic thin film 
by the example of further others of this invention. 

[Drawing 13] It is the outline sectional view showing the cylindrical shape ferromagnetic thin film 

which has a buffer layer by the example of further others of this invention. 

[D raw ing 1 4] It is the outline sectional view showing the membrane formation equipment for 

forming the cylindrical shape ferromagnetic thin film by this invention. 

[Drawing 1 5] It is the sectional view which met the B-B' line of draw ing 14 . 

[Drawing 1 6] It is the outline sectional view showing the membrane formation equipment for 

forming the cylindrical shape ferromagnetic thin film by the example of further others of this 

invention. 

[Drawing 1 7] It is the outline sectional view showing the membrane formation equipment for 
forming the cylindrical shape ferromagnetic thin film by the example of further others of this 
invention. 

[Drawing 1 8] It is the outline sectional view showing the membrane formation equipment for 
forming the cylindrical shape ferromagnetic thin film by the example of further others of this 
invention. 

[ Drawin g 19 ] It is the diagram showing the X-ray diffraction pattern of the cylindrical shape 
ferromagnetic thin film by the example 7 of this invention. 
[Description of Notations] 

1 Vacuum Tub, 2 Port, 3, 3a, 3B, 3C Cathode Electrode, 4, 4a, 4b, 4c A target, 5, 5a, 5b, 5c 
Shutter plate, 6 A substrate holder, 7 A substrate, 8 A mask and 9 A heater, 10 Exhaust air 
system, 11 A bulb, 12, 12a, 12b, 12c Power controller, 13 A massflow controller, 14 A 
temperature controller, 15 Evaporation source, 16 A laser light source, 17 A slit, 18 A lens, 19 A 
target rolling mechanism, 20 A rotating type substrate holder, 21 A rotating machine, 22 A 
cylinder substrate, 23 perpendicular magnetic anisotropy films, 24 A cylinder substrate, 25 Buffer 
layer. 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 2] 
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[ Draw ing 3] 
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[Drawing 5] 
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[Drawing 6] 
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[ Drawing 10] 
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(Bd 0. 93%. tilh. 13^0. 98 Ni 0. 02>0. 76 B 0. 11 


0.99 


728 


162 
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a & 


CD 


<kA/m) 




KR14 


(Nd 0 93 Tb fl 07 ) Q 15 (Fe 0 g8 Ni a Q2 ) 0 77% og 


1.00 


696 


168 


1*815 


<%. 93 Tb 0. 07 > 0. 15 ffe 0. 98%. 02 > 0. 70% 15 


0.87 


808 


137 


§3*416 


(Nd o. 93%. O?^. 11 C %. 96 Ni 0. 04>0. 81 B a 08 


L03 


648 


180 


am? 


<%. 93% 07>0. ll^O. 96% 04 } 0. 74 B 0. 15 


0.95 


824 


153 


tmis 


CKd 0. 93%. O?^. tf^O. 96 Ni 0. 04 5 0. 76 B 0. 11 


0.97 


712 


158 


smi9 


CNd 0. 93%. 07 > 0. 15^0. 96 Hi 0. 04^. 77 B 0. 08 


1. 00 


672 


164 


8**420 


ctfd 0. 93% 07^. 15^. 96 Ni 0. 04^. 70 B 0. 15 


0.86 


864 


133 


tt»21 


^ Nd 0. 93% O?^ 11^. 80% 15 Ni 0. 05^0. 81 B 0. 08 


1.07 


624 


191 


65*422 


Wq. 93 Tb 0. 0?^. ll (Fe 0. 80%. 15 Ni 0. 05^. 74 B 0. 15 


0.99 


792 


161 


iit*423 


^O. 93%. 07h. U^. 80%. 15% 05^. 76 B 0. 11 


1.00 


760 


169 


84*424 


0ld fl. 93%. 07^. lS^. 80%. Qi\ 77 B 0. 0J 


0.98 


720 


177 


14*425 


(Nd 0. 93%. 07^. 15 ( %. M^O. 15 Mi 0. 05 } 0. 70 B 0. 15 


0.91 


880 


153 
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/U /t f ' 

(Pa) 


(An/hour) 


SE (kJ/B s ) 




(Ndj, g6 Tb 0 M ) 0 jjFe^ gl B 0 ^ 


530 


0.05 


4.0 


182 


K»2 


(Nd 0. 96% O^O. 13 Fe 0. 74% 11 


530 


0.05 


4.0 


195 


tt»3 


CNd fl g6 Tb 0 04 ) fl ls Fe 0 ?0 B 0 15 


530 


0.05 


4.0 


166 




(Rd 0. 90%. 10 } 0. ll Fe 0. 81% 08 


530 


4.0 


0.1 


187 




(li % 90%. 10 ) 0. 13% 74% 11 


530 


4.0 


0.1 


176 


tW6 


CNd 0. 90%. 10 3 0. 15 Fe 0. 70% 15 


530 


4.0 


ai 


165 


6947 


CKd 0. 96%. ll Pe 0. 81 B 0. 08 


570 


0.05 


0.1 


188 


1**48 


<%. 90%. 04% 13 Fe 0. 74 B 0. 11 


570 


a 05 


0.1 


199 


tt»9 


^0. 96%. 04% 15 Fe 0. 70 B 0. 15 


570 


0.05 


0.1 


168 


ttttlO 


C!M 0. 90%. 10% ll Fe 0. 81 B 0. 08 


570 


40 


4.0 


187 


8B411 


(Rd 0. 90%. 10% 13%. 74 B 0. 11 


570 


4.0 


4.0 


175 


SCR12 


(1W 0. 90%. 10% 15 Fe 0. 70 B 0. 15 


570 


4.0 


40 


164 
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mmm& 

CC) 


(Pa) 


(.u m/hour) 




K*413 


C1W 0 g3 Tb 0 07 )„ jjFeQ 70 B 0 Q8 


550 


2.0 


40 


204 


13*414 


CNd 0. 93%. 07% ll Fe 0. 70 B 0. 08 


550 


2.0 


0.1 


208 


WR15 


< H % 93%. 07V U Pe 0. 70 B 0. 08 


550 


0.05 


2.0 


220 


§5*416 


^O. 93%. 07%. ll Pe 0. 70 B 0. 08 


550 


4.0 


2.0 


215 


umi 


CKd 0. 93%. 07% ll Pe 0. 70 B 0. 08 


530 


2.0 


2.0 


212 


«R18 


<M 0. 93%. 07% ll Fe 0. 70 B 0. 08 


570 


2.0 


2.0 


204 


«*4i9 


<M 0. 93%. 07% ll Pe 0. 70 B 0. 08 


550 


2.0 


2.0 


214 




^O. 96%. 04% 15 Fe 0. 70% 15 


600 


2.0 


2.0 


150 




(Nd 0. 96%. 04% 15%. 70% 15 


550 


8.0 


2.0 


156 




(M 0. 96%. 04% 15% 70% 15 


550 


2.0 


8.0 


151 
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[0 0 7 1 ] 
[*1 2] 







tut?* (/i») 


C/tm) 


lit 




3010. 0 


3009. 1-3011. 2 


*4 


SRffl WW) 


0 


1.6 


1 




10.0 


9. 95—10. 05 


K 




910.0 


909. 0-9011.3 




»RK (*Mft) 
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1.7 


2 




10.0 


9. 95— 10. 05 



[0 0 7 2] ±m<DN d - F e - B nffij&tttttt 

\Z.\£— 0 A*m<OXf|&J$ttLT^ft^h-©@i5r<£> 20 
P—XDttmWZjfrfo ^J¥*"Ip] (C N d 2 F e u Bij&il 

[0 0 7 3] 8 . H 1 4 tC^ Lfc^R»K{C*5»t 
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29 
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1603 lc i 5 R«i JK»»tt»Blo 7 ^Tvm^tt ico^r 
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Itl3] 







RtEifcliRffiaSfi 


■7 S>7VI/K;Stfc 




Nd-Fe-B 




0.93 




Nd-Fe-B 




0.93 


tm3 


Nd-Fe-B 


Al2°3 


0.92 


H*44 


Nd-Fe-B 


Fe 


0.89 




Nd-Fe-B 


Pe-Nl 


0.88 


awe 


Nd-Fe-B 


Fe-Co 


0.91 




Nd-Fe-B 


TIN 


0.90 


KH8 


Co-Cr 




0.93 


K*49 


Ba7jf5-f h 




0.89 


t£N-10 


(Nd»Tb)— Fe— B 




0. 93 


ss»u 


(Nd, Tb)— Fe— B 


Fe— Nl 


0.90 


14*412 


(Nd, Tb)— Fe— B 
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£1 0 
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Cu 


sio 2 
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SI 1 
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Ti 


0. 99 
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Zr 


0.98 
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Fe 


Ti 


0. 99 








0. 93 




Fe 
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[012] w©»w©se>icte©iiife«f!iicj:5nffiJK 

[013] r.cD^K»$fe(cftfi,©^S£^JI-J;-5^5/7 

[014] i©»Wlcj;5ntW«!i«8tt?»IBISr^i- 
5 fc * © j&Hg g & ^ "f tE«&»r ffi 0 X' & -5 „ 
[015] 01 4CDB-B* HlC?SofcWfffi0T*fc 

[016] d©«W©£fc|cte(0!lteMlc±5HfS.JB 
[017] ^©3PJ3tf>£ «b!c{iiiw||t£0<JfcJ:.5Rffi^ 

xh%> 0 

[018] rojBWoSfefcflKOHlfiBaHctaniBSJg 

[019] ^<D&m(F>w&m7 \z&z>v\ffij&%m$m 

1 MQW. 2 jK-h, 3< 3a, 3b, 3c # V 

— KflHS, 4, 4 a, 4 b, 4 c h, 5, 5 
a, 5b, 5c 9— ffi, 6 SIS*/!':?', 7 
£«, 8 t^^, 9 t— 10 #^3%, 11 
^^7', 12, 12a, 12b, 12c t*=>t-D 

— 7, 13 7^7D-3yhD-7, 14 I$3V 

hn-7, 15 IBBR, 16 IfftSSU 17 ^ 

uyb, is u^x, 19 v-fyvmmm. 2 
o ia*K5sa&K*^*\ 2 1 umbhl 22 was 

«, 23 mWMim. 24 Rjtiffig, 2 5 /<y7 



test Available Copy 



(16) 



#M¥8-8 3 7 1 3 



1] 



im2] 



1 2] 




15 : fi*aai 




1 s SS« 

2 i *-h 

5 J 

6 : tefctsA,? 

7 : 



8 s 7X7 

9 i t-y 



[04] 



10 

11 

12 
13 

14 



WW 



[0 3] 




16 : v-*ntT& 

17 • 

18 s VsX 

19 s 




[05] 



3a.3b.3C 
4a,4b.4c 
5a.5b.5c 

12a.l2b.12c 
20 



y-r% h 



21 : ©fett 




[06] 



t 1 1 r 



f 

e 



s 



25 



IX) 



d ft- > 



35 



45 
20 



[010] 



t r 



- * 



2 



65 




22 : 

23 : £fflSMbJK 



test Available Copy 



(17) 



#M¥8-8 3 7 1 3 



7] 



[08] 



A CKUu>TbarfejiFeu£ajt 




0.01 



o (Nom*T 
A (Kdbic 
□ CNa*» 




e*aBt*t 




0.1 



1 10 



J. 
g 

I 

H 



1.4 



J.O 



<X8 



aoi 




ai i 



10 



100 



s 

3 




24 : HSM&SB. 




13] 



[13 1 4] 




25 : Kv-Tyfk 



1 7] 





26 : n«»tRm*A.y 

27 : Rli*t»SO«ffi 
fc-7 



gest Available Copy 



(18) 



¥fffl¥ 8-8 3 7 1 3 



1 6] 



Hi 8] 




-. — I 




g i 9] 



10 



28 : XAV?f 

29 * fXA> 

30 : *7*7 

31 : 5IJftA%r 




2© 



